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(54) TFT Willi an LDD structure and its manufacturing method 



(57) There is provided a semiconductor device 
including a senvoonductor drcurt formed by semicon- 
ductor elements having an LDD structure wtiich has 
high reproducibility, improves the stabifity of TI=Ts and 
provides high productivity and a method for manufactur- 
ing the same. 



In order to achieve the otsject, the design of a sec- 
ond mask is appropriately determined in aooordarx^e 
with requirements associated with tlie drcuit configura- 
tion to make it possiile to form a desired LDD regkxi on 
both sides or orie skSe cf the ctiarmel fornfiatk>n respon of 
a TFT. 
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Description 

BACKGROUND OF THE INVENTION 

1. Reld of the Inyentlon 

[0001] The present Invention relates to a structure of 
a semiconductor device having a semiconductor circuit 
comprised of semiconductor elements such as insu- 
lated gate transistors and a method for marnifacturing 
ttie same. More particularly, the invention rdates to a 
structure of a sen^corxluctor device having a senvcon* 
ductor circuit comprised of semiconductor elements 
having an LDD structtre formed of organic resin and a 
method for manufacturing the same. Semiconductor 
devices according to the invention include not or^y ele- 
ments such as thin film transistors (TFTs) and MOS 
transistors txjt also displays having a semiconductor dr- 
cuft and electro-optical devices such as image sensors 
formed k3y such insidated gate transistors. In addition, 
serraconductor devices according to the invention 
include electronic equipments loaded with such dis- 
plays arKi electro-optical devices. 

2. Description of the Related Art 

[0002] TFTs have t>een conventionally used as switch- 
ing elements of active matrix fiqifid cryst^ displays 
(hereinafter abbreviated to read "AMLCD^. The market 
is cunently dorrv'nated by products having circuits 
formed ty TFTs utilizing an amorphous stitcon film as 
an active layer. Particularly, a widely used TFT structure 
is the reverse staggered structure, which allows sinqsle 
memufacturing steps. 

[0003] However, the accelerating trend toward AML- 
CDs with higher performance in recent years has 
resulted in more severe requirements on the operational 
performarx^e (especially, operating speed) of TFTs. It 
has therefore t>ecome difficult to provide elements hav- 
ing sufficient performance utilizing TFTs comprising 
amorphous sificon films t>ecause of their operating 



[0004] Urxler such circumstances. TFTs utifizing poly- 
crystalBne siUcc^ films (polysificon f Dms) have come into 
focus in place of amorphous sin con fUms, wfiich has stg- 
niTicarrtly accelerated the development of TFTs utilizing 
a pdycrystalGne silicon f3m as an active layer. Pres- 
entiy. some products liave already k>een introduced. 
[0005] Many reports have already been made on 
structures of reverse staggered TFTs utilizing a poly- 
crystalfine siOcon film as an »:tive layer. However, con- 
ventional reverse staggered structures have had 
various protslems. 

[0006] First, since an active layer as a wtxile 
errpfoyed in such structures is as very thin as atx>ut 50 
nm, impact ionization occurs at the junction t>etween a 
channel tbrmation region aivJ a drain region, which 
resi^ in significant det^orating phenomena such as 



the implantation of hot carriers. Th^ necessitates the 
formation of an LDD region (light doped drain regfon). 
[0(X>7] It is expected tfiat at least ei^M rnasks are 
required (for processes up to the formation of source 

5 and drain electrodes) to form such an LDD region In a 
conventional reverse staggered TFT structure. 
[0008] As descrik^ above, in a conventional reverse 
staggered TFT structure, an LDD region must t>e 
formed in a horizontal plane on both sides or one side of 

10 a diannei formatfon region, wttich makes it very difficult 
to form LDD regions with reproducS>aity. 
[0009] It is an object of ttie invention to provide a tech- 
nique for marujfacturing serrvconductor devices with 
high mass-productivity, rdialxlity and reprodudbility 

IS tfvough very simple manufacturing steps. 

SUMMARY OF THE INVENTION 

[0010] Aocorcfing to a first aspect of the invention, 
2o there is provided a semiconductor device including a 
semiconductor circuit formed biy serracorxJuctor ele- 
ments, characterized in ttiat it cotrprises: 

a gate line provided on an insulated surface; 
25 a gate insulating film in contact with the gate line; 

a channel formation region provided on the gate 
line with the gate insulating film interposed theret>e- 
tween; 

a low density irr^rity region In contact with the 

30 cfiannel formation region; 

a fngh density irrpurity region m contact with the 
low density impurity region; 
a protective film in contact with the ctiannel forma- 
tion region; and 

35 organic resin doped with a trivalent or pentavalent 
irrpurity in contEu:! vtrith the protective film. 

[0011] Accorcfing to a second aspect of the invention, 
there is provided a serrecorKluctor device irKtucfing a 
4o semiconductor circuit formed tsy serruconductor ele- 
ments, diaracterized in that it comprises: 

a gate line provided on an insulated surface; 
a gate insulating fflm in contact with the gate line; 
45 a channel formation region provided on the gate 
line with the gate 'msulating film interposed therel>e- 
tween; 

a low density impurity region provided on one ^e 
of the channel formation re^on; 
50 a cb^ain region constituted t^ a first high density 
impurity region in contact with the low density impu- 
rity region; 

a source region constituted k>y a second ttigh derv 
sity impurity region provided on the otfier skJe of the 
55 cfiarmel formation region; 

a protective film in contact with ttie channel forma- 
tion region; and 

organic resin doped with a trivalent or pentavalent 
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impurity in contact with the protective film. 

[0012] Accorcfing to a third aspect of the invention, 
there is provided a semtcorxJuctor device including a 
semiconductor circuit formed tjy senrticonductor ele- 
ments, diaracterized in that it comprises: 

a gate line provided on an insulated surface; 
a gate insulating tam in contact with the gate line; 
a channel formation region provided on the gate 
line with the gate insulating film interposed therebe- 
tween: 

a first low density impurity region and a secorxJ low 
density impurity region in contact with the charvtel 
formation region; 

a Ngh density impurity region on contact with the 
first low density impurity region and the second low 
density impurity region; 

a protective film in contact with the channel forma- 
tion region; and 

organic resin doped with a trivalent or pentavalent 
irrpurity in contact with the protective film and in 
thatthe width of the first low density impurity region 
in the direction of the channel length is different 
from the width of the secorxl low density impurity 
region in the cfirection of tfie channel length. 

[0013] There is provided a configuration acoonfing to 
each of the above-descrfoed aspects, characterized in 
that the gate line has a single-layer or multi-layer struc- 
ture and is made of one Idrxi of element selected from 
among tantalum, copper, chromium, aluminum, molyk>- 
denum. titanium and silicon or a material prmnarily con- 
stituted t>y silicon doped with a p-type or n-type impurity. 
[0014] There is provided a configuration according to 
each of the atxive-descrft>ed aspects, ctiaracterized in 
that the trivalent or pentavalent impurity is phosphorus 
ortxmn. 

[001 5] There is provided a oonf igtration according to 
each of the akx>ve-descrfoed aspects, ctiaracterized in 
tfiat the organic resi n has ptiotosensitivity. 
[001 6] There is provided a configuration aocofding to 
each of the atx>ve-descrt>ed aspects, characterized in 
that the density of the trivalent or pentavalent impurity in 
the organic resin is 1 X 10^^ atoms/cm^ or more. 
[0017] There is protMed a configuration accorcfing to 
each of the aboveKiescrit>ed aspects, characterized in 
that a catalytic element fcM^ promising the crystalfization 
of sificon is included in the high density impurity region. 
[001 8] It is also ctiaracteristic of the invention that the 
catalytic element is at least one or a plurafity of ele- 
ments selected from among Ni. Fe, Co, Pt, Cu and Au 
and that the catalytic element is Ge or Pb. 
[0019] In the context of the present specification, "ini- 
tial s^rdcorxluctor fflm" is a generic term for semoorv 
ductor fBms which typcally means seaDcorxtuctor fdms 
fiaving anfxnptvnis properties, e.g., amorphous semi- 
corvluctor films (amorphous sOicon films arid the like). 



amorphous senvconductor films including micro-crys- 
tals and nrocro-crystal semiconductor fBms. Such semi- 
oonductor films include Si films, Ge films arxJ conrpourxf 
semiconductor films (e.g.. SixGe^x (0<X<1) wfilch is an 

5 amorphous silicon gerrriareum film, ''x" typically being in 
the range from 0.3 to 0.95. Such an initial semiconduc- 
tor f am can l>e formed using, for example, low pressure 
CVD, thermal CVD. PCVD, sputtering or the like. 
[0020] In the context of the present spedftcation, the 

10 term "crystalline senrBconduclor fflm" implies single 
crystal semiconductor fdms and semiconductor films 
including grain t>ourxiaries (irK:ludir^ pdycrystalline 
semicorxJuctor films and micro-crystal semioonductor 
films) and Searty distinguishes them from semiconduc- 

15 tors which are in an amorphous state in its entirety 
(amorptxHJS semiconductor fims). When tfie term 
"senrnconductor film" is used in the present specifica- 
tion, it obviously implies not only crystalfine senrricon- 
ductor films txjt also amorphous serrvcmductor films. 

20 [0021 ] In the context of the present spedTication, the 
term "serracorxJuctor element" implies swrtohing ele- 
ments arxJ memory elements. e.g., ttiin fflm transistors 
(TFTs) and thin f am diodes (TFDs). 
[0022] A first method for manufacturing a serraconduc- 

25 tor device including a semicorxiuctor circuit formed by 
semiconductor elements according to the invention is 
ctiaracterized in ttiat it comprises; 

a first step of sequentially forming a gate insulating 
30 tam and an initial semioorxtuctor fHm on an insu- 
lated surface tiaving gate lines formed thereon such 
that they are stacked witliout t>eing exposed to the 
atnx>sptiere; 

a second step of crystallizing the initial sarracorv 
35 ductor famt^ irradiating it with infrared light or ultra- 
vioiet ligtit to form a crystalline senrvoondudor fOm 
and an oodde fam simultaneously; and 
a third step of covering a region to t>ecome a cfian- 
nel formation re^on of the crystalline semiconduc- 
40 tor film with a mask aivi doping a region to t>ecome 
a source regfon or drain region of the crystalline 
semicorxiuctor tam vnth the trivalent or pentavalent 
irrpurity element through the oxide fam. 

45 [0023] The first mettKxJ of manufacture 6esafbed 
atx>ve is further ctiaracterized In tfiat it corrfHises a step 
of retaining a catalytic element for prompting the crystal- 
lization of silicon in contact with ttie surface of tfie initial 
senvconductor film or within the fOm after the first step. 

so [0024] According to the present invention, there is pro- 
vided a second method for manufacturing a s^ncorv 
ductor device including a senvconductor circuit fDrmed 
[^semiconductor element, ctiaracterized in ttiat it com- 
prises the steps of: 

55 

sequ^Ttially forming a gate insulating film, an initial 
semiconductor film and an insulating fSm on an 
insulated surface tiaving.gate lines formed ttiereon 
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such that they are stacked without being exposed to 
the atmosphere: 

crystallizing the initial senruconductor film t>y irradi- 
ating H with infrared light or ultraviolet Oght through 
the insulating film to form a crystalline sennconduc- 
tor film; arxJ 

CGvervig a region to become a channel formation 
region of the crystalline senrucorxJuctor film with a 
mask and dopng a region to t>ecome a source 
region or drain region of the crystalline senuoon- 
ductor film with a trivalent or pentavalent impurity 
element through the insulating film. 

[00251 The second mettKxl of manufacture descrft>ed 
above is further characterized In that the gate insulating 
film, initial semiconductor film arxJ protective fflm are 
formed using different chambers. 
[0026] The secorvJ mettiod of manufacture described 
above is further cfiaracterized in ttiat the gate insulating 
film, initial semiconductor fim arxf protective film are 
formed using the same cfiamber. 
[0027] The secorxl mettxxJ of manufacture descrft>ed 
akxve is further characterized in that the gate insulating 
film arxl protective film are fbrnried using a first ctiarnber 
and the initial semiconductor film is formed using a sec- 
ond chamber. 

[0028] The configuration of each of the methods for 
manufacture described above Is characterized in tfiat 
oonlanrmants on the surface on wtiich ttie initial sem- 
conductor film is to lie formed are reduced using active 
fiydrogen or a fiydride. 

[0029] The configuration of each of the methods for 
manufacture descrtt>ed atxave is characterized in that it 
comprises the step of forming a rmlti-layer film including 
a silicon nitride film as any of the layers as tfie gate insu- 
lating film. 

[0030] The configuration of each of the metixxis for 
manufacture descrft>ed ^bove is characterized In ttiat it 
corrprises the step of forrrang a multi-layer film including 
BCB (l>enzocycfobutene) as a part of the gate insulating 
fOm. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] 

Fig. 1 is a sectional view showing an example of a 
structure of a senioorKiuctor device according to a 
first embodiment of the invention. 
Figs. 2Aand2Bareplanviewsof a pixel matrix cir- 
cuit and a CMOS drcwt of the fvst embocfiment 
Figs. 3A through 3F illustrate steps for manufactur- 
ing TFTs accorcfing to tfie first embodiment 
Figs. 4A through 4E Illustrate steps for manufactur- 
ing TFTs acooitfing to tfie first emtxxtiment 
Fig. 5 Is a sectional view shoving another exanple 
of a structure of a senrvconductor device aooording 
to a fifth embocfiment of the invention. 
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Fig. 6 is a sectional view stiowing another exanple 
of a structure of a serraconductor device aooording 
to a sixth embodiment of the invention. 
Rgs. 7A and 7B are sectional views of an exanple 
5 of a pixel matrix circuit portion according to a sev- 

enth embodiment of ttie invention, and Hq. 7C is a 
plan view of the same. 

Figs. 8A. 8B and 8C are a droit diagram of an 
inverter, a plan view of the same and sectional 
10 views of examples of sectional structures of the 
same according to an eisNh entfxxfiment of the 
invention. 

Rg. 9 show a csrcurt diagram arxJ a sectional struc- 
ture of a kxiffer ctrcuit according to a rvnth emkxxf i- 

15 ment of ttie invention. 

Fig. 10 illustrates a configuration of a serrvconduc- 
tor device Qiquia crystal display) according to a 
tenth emtxxJiment of the invention. 
Figs. 11A through 11 F show examples of senrucon- 

20 ductor devices (electronic equqments) according 
to a tweHlh embodiment of the invention. 
Rgs. 12A through 12D stxiw examples of senrucon- 
dudor devices (electronic equipments) according 
to the twelfth entxxliment of the invention. 

25 Rg. 13 illustrates an example of a film forming 
device acccxding to the first entxxiiment 

DETAILED DESCRiPTIQ N OF PRFERgED EMBODU 
MEm"S 

30 

[0032] Modes for carrying out the invention having the 
above<descrit>ed configurations wiH now be descri>ed 
with reference to embodiment disclosed below. 
[0033] A first embocfiment will now be described. A 

35 typical emtxxfiment of the present invention will now t>e 
described with reference to Figs. 1 ttirough 4. The 
present embodiment wOl be descrit>ed with reference to 
a CMOS droot that forms a part of a per^eral driving 
drcu'it portion and a pixel TFT ttiat forms a part of a pixel 

40 matrix circuit portion provided on the same sut>sbrat& A 
desatption win t>e made witti reference to Rgs. 3 and 4 
on a mettiod for marujfacturing a semiconductor device 
including a semiconc&jctor drcu'it formed tyy senrncon- 
ductor elements aocorcfing to the Invention. 

45 [0034] A substrate 100 is fffst prepared. The siA)strate 
100 may t>e a glass sid>5trate, a quartz sdbstrate, an 
insidating siA>strate such as crystalline gtess, a ceranrnc 
sutjstrate, a stainless steel sutistrate, a m^al (tantalum, 
tungsten. molytxJenum or the like) sul>strate. a seml- 

50 conductor suljstrate, a plastic substrate (polyethylene 
tereptitalate sut^strate) or the Gke. tn ttie present 
embodiment a glass substrate (Coning 1737 tiaving a 
distortion pdnt at 667%) is used as the substrate 100. 
[9035] Next, an underlying fBm 101 Is formed on the 

55 sut>strate 100. A silicon oodde fOm. a siGcon nitride film, 
a siTicon rotride oxide f3m (SiO^Ny) or a multi-^er con- 
sisting of such films may t>e used as the mlerlying fim 
101. The undedying fim 101 may tiave a thickness in 
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the range from 200 to 500 nm. In the present enrtxxli- 
merit, a silicon nitride film having a thickness of 300 nm 
was formed as the underlying film 101 to prevent con- 
taminant from spreading from tfie glass substrata 
Althou^ the present invention may t>e implemented 
without the underlying film, the underlying film is prefer- 
ably provided to achieve good TFT characteristics. 
[0036] A gate line 102 having a single-layer or multi- 
layer structure is formed (Fig, 3A). The gate line 102 
fias a structure including at least one layer primarily 
constituted by silicon (Si). sHidde or the Gke doped with 
a conductive material or a semicorxJuctor material. e.g., 
aluminum (Al). tantalum (Ta). copper (Cki). niobium 
(Mb), hafnium (HQ, zirconium (Zr). titara'um (Ti), cfwo- 
mium (Cr) or a p-type or n-type impurity. In the present 
embodiment, the gate line 102 has a mutti-layer struc- 
ture constiluted ty a tantalum layer 102a having a tan- 
talum oxide layer 102b on the surface thereof. In the 
present embodiment, the gate line was formed by pat- 
terning a tantalum film and tiy caddHzinQ the surface 
thereof through anodization thereafter. Tantalim is a 
preferatile material that causes less shift of the thresh- 
old of a TFT because its work furKition is dose to that of 
silicon. The gate line 102 used preferably has a thk:k- 
ness in the range from 10 to 1000 nm. more preferably, 
in the range from 30 to 300 nm. A step may t>e adopted 
to form an arKxitc f flm or insulating film only on the sur- 
face or upper surface of tfie gate line. In order to prevent 
impurities from spreading from the sttetrate and gate 
line to the gate insulating film during manufacture, a 
step be added to form an insulating film to cover 
the gate line and sut>strate. Wfien a multipiictty of gate 
lines are formed from a large substrate, at least one 
l^er made of copper may be formed on the gate lines 
using plating or sputtenng. Which is preferable in reduc- 
ing the resistance ol the One. 

[0037] Next a gate insulating film 1 03 and a sen^con- 
ductor fOm 1 04 are sequentiaDy formed into a muHipficity 
of layers without exposing them to the atmosphere (Fig. 
SB). Whfle any rrteans such as plasma CVD and sput- 
X&inQ may be used to form them at this time, it is impor- 
tant to bfock them from the atmosphere in oider to 
prevent any contaminant in the atmosphere from stick- 
ing to any layer interface. Active hydrogen or a hydride 
is preferably used on ttie surface on which the semicon- 
ductor fOm is to t>e formed immediately before the for- 
mation of the film in oider to reduce contaminant 
[0038] In tfie present erhbodlment. a siFicon nitride 
oxide film fiaving a thkioiess of 125 nm arxi an amor- 
phous sfficon f&m having a thickness of 50 nm were 
formed as the gate insulating fimlOSandsemtcorxfuc- 
tor film 104 respective to into a mufti-layer structure. 
Obviously, the thickness of each of tfie fBms is not Rm- 
ited to the present embodtmmt arxJ may be appropri- 
ately determined by a person who cam'es out the 
Invention. In the present emboctimerrt. the multi-layer 
structure was formed by using a mutti-cfiamber (an 
apparatus as shown in Fig. 13) including a first cfiamber 



44 exclusively used to form tfie gate ir^lating film arxl 
a second chamber 45 exdusively used to form the sem- 
iconcfoctor film (an amorpfxnjs silicon film in this case) 
arxl by nrxTving the films tfirough the cfiamt>ers witfKXit 
5 exposing them to the atrTX>sphere. The multi-layer struc- 
ture may also be formed using the same chamber with 
the reactive gas replaced. 

[0039] A silicon oxide film, a silicon re'tride f dm. a sifi- 
con nitride oxide film (SiOxNy). a multi-l^er film consist- 

10 ing of ttiem or the like having a thkimess in the range 
from 100 to 400 nm (typically in the range from 150 to 
250 nm) may t>e teed as ttie gate insulating fflm 103. 
While the present embodiment empfoys a single-layer 
insulating f am as the gate insulating film, a multi-te^ 

15 structure consisting of two. three or more layers may be 
used. 

[0040] The semiconductor film 104 mayt>e an ainor- 
phous silicon film, an amorphous senvconductor film 
including nvcrocrystals, a mforocrystalfine semiconduc- 

20 tor fBm, an amorpfious germaniun film, an amorphous 
sificon germanium film expressed l>y Si^Ge^.x (0<X<1) 
or a multi-layer film consisting of them fiaving a thick- 
ness in tfie range from 20 to 70 nm (typk:any in tfie 
range from 40 to 50 nm). 

25 [0041] When the state sfx>wn in Fig. 3B is tfxjs 
achieved, tfie senrvconductor film 104 is irradiated witii 
infrared ligfit or uHravfolet light to t>e crystalfized (herein- 
after referred to as laser crystallization'^. In tfie present 
embodiment the irradiation with infrared light or ultravi- 

30 olet light is carried out in the atnx>sphere. in oxygen or 
in an oxidizing atmosphere to form tfie oxide film 105 
simultaneously witti the formation of the crystalline 
semiconductor film 106 through laser crystallization. 
When ultraviolet light is used for the crystalPization tecfi- 

35 nique. exdmer laser light or intense ligfit generated by 
an ultraviolet lamp may be used. When infrared tight is 
used, infrared laser fight or intense ligfit generated by 
an infrared lamp may t>e used. Exdmer laser fight is 
shaped into linear beams to t>e used for irraciation 

40 according to the present embodiment. Referring to irra- 
diating conditions, the pidse frequency is 150 Klz; the 
overlap ratio is in the range from 80 to 98 % (actually. 96 
% in tfie present entxxtiment); and the las^ energy 
density is in tfie range from 100 to 500 mJ/cm^ arxJ. 

45 preferat>ly. in the range from 280 to 380 mJ/cn^ {actu- 
ally. 350 mj/cm^ in the present efrtxxtiment). Referring 
to conditions for laser crystalfization (laser figfit wave- 
length, overlap ratio, inadiation intensity, pu^ wicfih. 
repetitive frequaicy. Irradiation time and tfie like) may 

so be appropriately d^emdnedky the person wfio carries 
out the invention in consideratkvi to the thickness of tfie 
semiconductor film 104, the sutistrate temperature and 
the like. Depencfing on the conditions lor laser crystalli- 
zation, the serrtioonductor f im may be crystallized after 

55 k>eing melted, and the semiconductor film may be crys- 
tallized in a sofid pfiase or in a state which is intermecfi- 
ate t>etween solid and liquid phases witfiout b&ng 
melted. Laser Gg^ is continuously nxsved at a constant 
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speed to keep the overlap ratio oonstaiit in any region 
with variation of ±10 %. 

[0042] While laser crystallization is used as the crys- 
tallizing technique in the presait entxxiiment, other 
weD-known means such as solid state epitaxy with and 
without a catalytic element While an oxide film is 
formed simultaneously with laser crystallization accord- 
ing to the present emtxxiiment. a step may be eirpkyyed 
to form a thin insulating film (a silicon oxide film, silkx>n 
nitride film. siTicon nitride oxkJe fibn or ttie like) t>efore or 
after the laser irracfiation or to perform laser crystalliza- 
tion in an inert atmosphere so as not to form an oxide 
film. 

[0043] The step shown in Fig. 3C may be folkywed by 
a step of selectively doping tfie cftarmel formation 
re^on with an impurity in order to control the threshold. 
[0044] ' Next, the gate insulating f 8m, crystalline semi- 
conductor fOm arxi the oxide film are patterned to form 
an active layer 107 arxJ a first protective film 108 (Fig. 
3D). Tbe patterning may be carried out after a sdbse- 
quent step of doptrtg with an inpurity. 
[0045] Next, a secorxl protective film 109 constituted 
by a nitride f 8m is formed on the entn-e surface of the 
suk>strate to protect the active layer (Fig. 3E). The sec- 
ond protective film 109 may be a siTioon oxide fflm, sili- 
con nitride f Hm, silicon nitride oxide film (SiOyNy) or a 
multi-layer film consisting of them having a thickness in 
the range from 3 to 200 nm (typically in the range from 
25 to 50 nm). A cortf tguration excluding such a seoorxJ 
protective f 8m may t>e employed. 
[0046] A first mask (a resist mask in the present 
entxxtiment) 1 10a having a thickness in the range from 
1 to 3 |tm is then formed in contact with the second pro- 
tective film 109 over the gate line by means dl exposure 
to Bght from the rear surface (Fig. 3F). Referring to the 
material for the first mask, a positive or negative type 
photosensitive organic material (eg., photoresist, pho- 
tosensitive pdyirrade or the fike), organic resin (pdyim- 
ide, polyirrvde amide, polyarrede or the like), a silicon 
oxide fifan. a silioon nitride fSm or silkx>n nitride oxide f Dm 
(SiOxNy) may t>e used. 

[0047] The first mask may t>e formed t)y patterning an 
inorganic insulating fflm aixl leaving the patterning 
mask made of organic resin therefor as it is. arvJ thas 
provides a multi-layer structure in wfiich the iruxgarvc 
insulating f 8m is the lower layer and the organic resin is 
the upper layer. 

[0048] Since no mask is required for the formatkm of 
resist through exposure to P^ht from the rear surface, 
the ruirTt>er of masle required for manufacture can be 
rechjced. While the (M-esent enrtxxftm^ has relerred to 
an exairple wherdn the vndth of the first mask in the 
direction of the channel length is slightly smaller than . 
the width of the gate Gne because of wraparound of 
light they may t>e substanttally the same. arxJ a person 
wfio carries out the invention may change the width of 
tfie fbst mask in the cfirection of the cfiEuinei length 
appropriately. 



[0049] The present specification is based on an 
assumption tfiat the direction of departing from ttie sub- 
strate 100 is an upward direction and the cfirection of 
approaching the sutDStrate is a downward direction 
5 when the substrate 100 is cut in a plane perpendicular 
to the surface thereof. 

[0050] A first impurity is added tfvough the first protec- 
tive fHm 108 and second protective film 109 usir^ the 
first mask 1 10a to form a k3w density impurity regk>n (n* 
10 -type region) 111 (f^ig. 4A). The present embodiment 
empfoys phospfiorus as the impurity to provide n-type 
conductivity which is acj^usted such that the n'type 
regkKiindk^atedby 111 has a phosphorus density in the 
range from 1 XlO^^tol X 10^^ atoms/cm^ on the basis 
75 of SIMS analysis. At tfis time, the first mask is doped 
with phospfiorus to become a first mask 110b conlairv 
ing a low density of phosphorus. 
[0051] Next, aseoondmask(madeof pfKytosensitive 
polyirrnde resin in the present embodiment) 1 13a liav- 
20 ing a thickness in the range from 1 to 3 |im is formed in 
contact with the second protective f Hm 109 or first mask 
1 10b of the n-cfiannel type TFT (Rg. 4B). Referring to 
the material for tlie second masK a positive or negative 
type photosensitive organic material (e.g.. resist, photo- 
25 sensitive pdyimide or the like), organic resin (polyinrvde. 
pdyimide amide, potyamkfe or tfie like), a silicon oxide 
f8m. a silioon nitride fflm or silicon nitride oxide fSm 
(SiOxf^) may t>e used. 

[0052] A second impurity is sMed to form a high den- 
30 sity impurity region (n^-region) 114 through the f rst pro- 
tective film 108 and second protective film 109 using the 
second mask 113a (Rg. 4C). In the present embodi- 
ment, the second mask is patterned into a desired con- 
figuration to alkiw an LDD region to l>e formed with high 
35 controllakMRty. In the present enrtodiment. an adjust- 
ment is made such that the n*-type region indicated by 
1 14 has a phosphorus density in the range from 1 X 
10^ to 8 x 10^^ atoms/cm^ on the basts of SIMS analy- 
sis. A first mask 1 10c of the p-cfiannel type TFT Is 
40. doped with a fiigh density of pfiospfiorus. A second 
mask 113b is similarly doped with a high density of 
phospfiorus. A first mask 110b and a second mask 
1 13b at the cfiarmel formation region of the n-cfiannel 
type TFT prevent the cfiarmel formation regies from 
45 being doped with pfiosphorus. 

[0053] The first and second steps of dopng with impu- 
rities form an LDD structure The tx>undary t>etween tfie 
n'-type and n^-type re^ons is detehivned by the pattern 
of tfie second mask. The n*-type region 114 of tfie n- 
50 charinel type TFT serves as a source or drain region, 
and the n~-type region s^ves as a low density innpurity 
region (LDD re^on) 115. 

[0054] At the first and second steps of doping with 
irrpurities. the first masks 110b and 110c and the sec- 
55 ond mask 113b doped with pfiospfiorus are darkened. 
A step may be added to dart^en the first maste and the 
second mask furtfier. 

fpOSSl Next, the n-cfianneitype TFT is covered with a 
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third mask 116 and is doped with a tNrd impurity 
through the first and second protective films 108 and 
109. thereby forming a fvgh density impurity region (p- 
type region) 117 (Rg. 4D). In the present emtxxfinient 
boron is used as an impurity to provide p-type conduc- 
tivity, and the dose of boron is set such that the density 
of boron ions in the |>4ype re^on is greater than the 
density of the phosphorus ions added to the n^-type 
re^on by a factor in the range from about 1 .3 to 2. A first 
mask llOd of the p^iiannei type TFT is doped with 
boron at a high densi^. Similarly, a third mask 1 16 is 
doped with boron. The first, second and third masks, 
i.e., organic resin, include a trivalent inrpurity (tx>n)n in 
this embodiment) or a pentavalent impurity (phosphorus 
in tNs ennbodiment) at adensity of 1 X tO^^ atoms/cm? 
or mora The p-type region 1 17 of the p-cfiannel type 
TFT serves as a source or drain region. Ihe region 
which has been doped with neither phosphorus ions nor 
lx>ron ions becomes an intririsic or substantially intririsic 
channel forming region 112 to serve as a carrier moving 
path later. 

[0056] In the context of the present specification, an 
intrarisic region is a region which does not include any 
impurity that can cause the Fermi level of silicon, and a 
sii:>stantially intrinsic region is a region in which elec- 
trons and holes are perfectly k>alanced to cause conduc- 
tivity types to cancel each other, i.e.. a region including 
an impurity, to provide the n-type or p-type oondudivity 
at a density range in which threshokJ control is possftrfe 
(in the range from 1 X 10^^ to 1 X 10^^ atoms/cm^ on 
the t>asis of SIMS analysis) or a region which is inten- 
tionally doped with opposite conductivity type innpurity 
to cause the conductivity types to cancel each other. 
[0057] The doping with the first through third impuri- 
ties may be carried out using wen-known means such 
as ion implantation, plasma doping and laser doping. 
The dopng corxfitions, dose, acceleration volts^e arxJ 
the like are ac^usted such that a desired amount of 
impurity ions penetrate through the first protective fOm 
1 08 aixJ the secorxi protect! ve film 1 09 to be added to a 
predetermined region of the active layer. 
[0058] Further, rx> contaminant especially boron 
ent^ the active layer from the atmosphere because 
irrpurities are implcinled from above the secorxJ protec- 
tive film 109 at the first, second and third steps of doping 
witti impurities. Since it is therefore possible to control 
the density of the impurities in the active layer, fkjctua- 
tkxi of the threshold can be suppressed. 
[0059] After the high d^tsity in^Mjrity reg'on 117 to 
serve as a source or drain re^on is thus formed, only 
the tfiird mask 1 1 6 is selectively removed. The selective 
removing step may be implemented by using a mat^lal 
different from ttiat for the first arvJ second masks for the 
third mask The first and second protective fHws 108 
and 109 serve as an etcfiing stopper at tfiis mask 
r em o v ing step. No contanvnant liters the crystalline 
serraconductor film especially the cfiarmd formation 
region 112 at ths mask removing step l>ecause the first 



and second protective films have been formed. 
[0060] A weD-known tecfuikfue, e.g., thermal anneal- 
ing or laser annealing is then performed to acNeve the 
effect of activating the impurity in the source arxJ drain 
5 regions or the effect of recovering the crystal structure 
of the active layer which has k>een damaged at the dop- 
irtgstep. 

[0061] Firtally, a layer insulating fdm 118 is formed 
wh'K^ is made of organic resin such as polyimkJe. poly- 

10 imkieamkie, polyamlde or acryfic or cor^tituted tyy a sS- 
icon oxide fBm. a silicon nitride fOm, a silicon nitride 
Qxkie film (expressed by SiO^Ny) or a nmjiti-layer film 
consisting of them; contact holes are formed to expose 
the source and drain regions; and. thereafter, a metal 

IS fSm is formed arxl patterned to form metal lines 119 
through 1 23 in contact with the source and drain regions 
(Fig. 4E). This completes the manufacture of a CMOS 
drcuit portion formed t>y rvchannel type arxJ p-cfiaimel 
TFTs arxl a pixel matrix circuit portfon formed t>y n- 

20 channel type Tins accordirig to a rnode for carryirig out 
the invention. 

[0062] A description will now he made with reference 
to Fig. 1 on a configuration of a semioonductor devk:e 
including a semiconductor circuit utilizing senvcorxiuc- 

25 tor elements formed according to the atx3ve-descrit>ed 
manufacture steps. In the present emtxxfiment for sim- 
plicity, the illustration shows only a CMOS circuit portion 
fomrHng a part of a peripheral drivmg drciAt portfon and 
pixel TFTs (n-charxiel type TFTs) fornvng a part of a 

30 pixel matrix drciAt portion on the same sii>strate. 

10063] Figs. 2A and 2B are plan views associated with 
Fig. 1. In Rgs.2AarvJ2B, the section cut afong the dot- 
ted fine A-A' corresponds to the sectional structure of 
the pixel matrix drcuit portion in Fig. 1, and the sectk>n 

35 cut almg the dotted fine B-B* ccHresporvJs to the sec- 
tional structure of the CMOS circuit portion in Fig. 1. 
The reference nunters used in Figs. 1, 2A and 2B are 
the same as those used in Figs. 3A through 3F and 
Figs. 4A ttvough 4E. For simpfidty of illustration. Figs. 

40 2A and 2B do rK>t show the first and secorxl masks. 
[0064] In Fig. 1, all of the TFTs (thin film transistors) 
are formed on the underlying film 101 provided on the 
sid>strate 100. For the p-cfiarviel type TFT in the CMOS 
drcurt, the gate line 102 is formed on the mdertying 

45 film, and tfie gate insulating fibn 103 is provided on the 
same. The p-type region 117 (source or drain region) 
arvj the cliannel formation regk)n 112 are formed as 
active layers on the gate insulating fSm. The active lay- 
ers are protected t^ the first protective film 108 and the 

so second protective film 109 which have tfie same pat- 
tern. Contact holes are formed on the first layer insulat- 
ing film 118 made of organic resin covering the second 
protective fim 109 to connect the fines 119 arxJ 120 to 
the p-type region 1 1 7. A second layer insulating fim 125 

S5 is formed thereon; an extraction fine 1 26 is comected to 
the fine 119 arxi a ttvrd layer insulating fSm 129 is 
formed thereon to cov^ the same. The first mask 1 1 0d 
liavirig fight tslockirig properties is fornrted on the seoorid 
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protective f Om over the ctiannel formation region to pro- 
tect the channel formation re^on from deterioration. 
The first mask 1 lOd is doped with a trivalent inpurity 
(tx)ron in the present emkxxliment) and a pentavalent 
impurity (phosphorus in this embodiment) at a density 5 
of 1 X 10^^ atoms/cm^ or more 
[0065] The n-ohannel type TFT is formed with the n*- 
type regions 114 (source or drain region) as active Ic^- 
ers» the channel formation region 112 and the n'*1ype 
region (LDD region) 115 t^etween the n^-type region 10 
(drain region) and the channel formation region. The 
lines 120 and 121 are respectively formed in the drain 
region and source region anrMxig the n'^-type regions 
114, and the lead line 127 is further connected to the 
line 121. Its structure is sut)stantially the same as that of is 
the p-channel type TFT in regions other than the active 
layer. The first masks (110b and 110c) are formed at 
least on the second protective fOm over the channel for- 
mation region 112. arxJ a second mask 113b having 
light blocking properties is formed on the secorxJ protec- 20 
tivefilm over the drain regk>n which is one of the n~-type 
re^ons 1 14 to protect the charm^ formation region arxJ 
the n*4ype regk>ns from the deterioration of light 
[0066] The n-channel type TFTs formed in the pixel 
matrix circuit have tfie same structure as that of the n- 2s 
channel TFT of the CMOS circuit up to the re^on where 
the gate insulating film 103 is formed. In the n-chann^ 
type TFTs formed in the pixel matrix circuit strx:e dete- 
riorating phenomena such as hot carri^ implantatk>n 
can occur t>etween the n^-type regk>ns 114 arxi the 30 
channel formation regknis 112 connected to the lines 
122 and 123. the n'-type regions (LDD regions) 1 15 are 
formed between the n*^ype regfons and channel forma- 
tfon regfons connected to the lines, and no n'-type 
region (LDD regfon) is provided t>etween adjoining as 
channel formatfon regions. The first and second masks 
used to form the n'-type regfons (LDD regions) 1 15 are 
left as they are to t>e used as figtit^ocking films. The 
second layer insulafing f3m 125 arvJ a black mask 128 
are formed on the first layer insulating film 118 wHhthe 40 
Fines 122 and 123 formed thereon. The tfvrd layer insu- 
lating filrh 129 is formed thereon, arxl a pixel electrode 
130 constituted by a transparent conductive film made 
of rrO, SnO^ or the tike is comiected to the same. The 
black mask covers the pixel TFTs arxJ cooperates with 45 
the fMxel electrode 130 to form an auxiliary capacity. 
[0067] In the present entxxiiment since a resist mask 
is formed through exposure to fight at the rear surface, a 
mask is provided over tfie gate line to reduce any 
capacity that the gate Gne forms with the lines. so 
[0068] While a transmissfon type LCD is manufac- 
tured as an example In the present errtxxliment, the 
invention is ruit Gnvted thereto. For example, a reactive 
metal material may t>e used as the mEiteriat for the pixel 
electrode, and a reflecfon type LCD may t>e manufac- ss 
tured by changing the patterning of the pixel electrode 
oriKfcfing and deleting several steps appropriately. 
[0089] While the gate lines of the pixel TFTs of the 
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pixel matrix circuit have a doutsle gate structure in the 
present embodiment, a multi-gate structure such as a 
tr^e gate structure may t>e used to reduce variation of 
the off-current. A single gate structure may t>e used to 
improve the numerical apertura 
[0070] A second endtxxiiment will rK3w k>e descried. 
The present emlxxiiment is an example in which a crys- 
talline semicorKluctor fSm is ot>tained using a method 
different from that in the first enrtxxJiment In the present 
embodiment a step is added between the steps shown 
in Figs. 3B and 3C of the f irst emtxxliment to cause a 
catalytic element for promoting crystallization to be car- 
ried on the errtire surface of the senrvoonductor filmor to 
t>e selectively carried. Since the present emtxxliment is 
substantially the same as the first enrtxxJiment in the 
t>ask; configuration, the following description wfll 
address only differerices between ttiem. 
P07i] The present etrfoodimentiskJentical tothefrst 
emtxxftment up to the step of forming the semiconduc- 
tor film 104 (Fig. 3B). 

[0072] Accordir^ to the present embodiment, a cata- 
lytic element for promoting the crystallization of silkxm is 
introduced on ttie surface of the senrncorxJuctor film 
104. As the catalytic element for promotirtg the crystalli- 
zation of sOicon, one or a plurality ol elements selected 
from aiTKing Mi. Fe, Ca Pt. Cu, Au arxi Ge are used. In 
the present errtxxiiment Ni is used arrxMng the catalytic 
elements k^ecause of its hig^ speed in spreadng in an 
arTX)rphous silicon film arxl its excellent crystailin'ity. 
[0073] The introduction of the catalytic element is rxTt 
limited to any partfoular locations. arxJ the element is 
introduced on the entire surface of the amorphous sili- 
con film or selectively on the surface by forming a mask 
appropriately. A step may t>e employed to introduce the 
catalytic element on the rear surface of the anrxxpfxxjs 
sifioon film or on tx3th of the front arxJ rear surfaces. 
[0074] There is no limitation on the method for intro- 
ducing a catalytk: element to the arrx>rphous silicon film 
as fong as it alfows the catalytic element to t>e put in 
contact with the surface of the anxxphous silicon f3m or 
it aUows the catalytic element to be retained in the anrxx- 
phous silicon film. For example, it is possit>le to adopt 
sputtering, CVD, plasma processing, atisorptkxi. ton 
implantation or a method of applying a solution irxiud- 
ing a catalytic elem^iL The mettxxJ utilizing a solution 
is easy to implement and is ^tvarrtageous in ttiat the 
density of a catalytic element can t>e easily adjusted. 
Various salts may t>e used as the metaflk; salt, arxi usa- 
tie solvents other than water include akxhoHs. akJe- 
hydes, ethers, other organic solvents or soK/errts 
obtained by rraxing water and organic solvents. In the 
present emkxxliment. the mettxxl of applying a solution 
is i^ed to apply a solution indudtng nickel in the range 
from 10 to 10000 ppm arxt fxeferaliy, m the range from 
100 to 10000 ppm (tiy weight). The dose ntusX be 
adjusted appropriately in consideration to the thickness 
of the anxxphous sffioon film. The d&isrty of nicket in 
the amorphous sOioon fflm thus obtained is in the rar^e 
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from 1 X 10^^ to 1 X 10^^ atoms/cm^. 
[0075] After a catalytic element is introduced into the 
amorphous silicon film as desarft>ed akxsve. crystalliza- 
tion is conducted t>y irradiating the film with laser light to 
obtain a crystalline silicon film. A heating step at a high 
tenrperature may be added in place of the inadicrtion 
with laser light. A gettering step may be added to reduce 
the nunto of catalytic elements in the film. 
[0076] Sutisequent steps provide a semiconductor 
device as shown in Fig. 1 according to the first embodi- 
ment. 

[0077] A third embodiment of the vivention will now be 
described. The present invention is an example in which 
a crystaDine semiconductor film is otslained using a 
method different from tfiat for the first embodiment In 
the present embocfiment relates to a method wfieretn 
laser t^eams are shaped into a rectangular or square 
configuration to perform a uniform laser cryslallizadon 
process ttvoughout an area in the range from several 
or? to several hundred cm? with irradiation at one time, 
thereby providing a crystalline silicon film. Since this 
embodiment is sidsstantially the same as the first 
embodiment in its t>asic configuration, the description 
will address only differences t>etween them. 
[0078] According to the present emtxxiiment. irradia- 
tion is conducted with exdmer laser light which is proc- 
essed into a planar configuration at the step shown in 
Fig. 3C. The laser fight must t>e processed into a planar 
configuration such that an area on the order of several 
tens cm^ (preferatsly 10 cm^ or more can be irradiated 
at a time. In order to anneal the irradiated surface as a 
whole with a desired laser energy density, a laser appa- 
ratus that provides output having total energy of 5 J or 
more and preferably 10 J or more is used. 
[0079] In ftvs case, the energy density is in the range 
from 100 to 800 mJ/cm?. and the output pidse width is 
100 nsec. or more and is preferatrfy in the range from 
200 nsec. to 1 msea A pulse width in the range from 
200 nsec. to 1 msec can be achieved tsy connecting a 
plurafity of laser devices and by operating the laser 
devices asyrtcfvorKXisly to achieve a state of rrvxture of 
a pturafity of pulses. 

[0080] The use of laser iigtit having a planar beam 
configuration as in the present emtxxiiment makes it 
possitile to irradiate a large area with uniform las& light 
That is. the active layer wOl have uniform crystallin'ity (in 
terms of also grain size and defect density), arxl varia- 
tion of electrical characteristicsofTFTs can be reduced. 
[0081] The present embodiment can t>e easily com- 
t»ned with the first or seoorxl embodiment in flexftjie 
modes of comtoiation. 

[0082] A fourth enixxfiment of tfie invention will rxiw 
be descrtt>ed. The present &itxxfiment is an exarrple 
wherein an insuMng film and a crystalfine serrvconduc- 
tor film are obtained using a method different from ttiat 
of the first enixxliinent 

[0083] Aocorcfing to the present embocfiment a si&con 
rvtride oodde film having a thsckriess of 125 run as a gate 



insulatirtg f am. an amorphous silicon film having a thkic- 
ness of 50 nm as an irvtial semiconductor f3m arvl a sil- 
icon nitride oxide film fiaving a thidviess of 1 5 run as an 
insulating film are formed into a rroitti-layer configuration 

5 without t>eing exposed to the atmosptiere. Obviously, 
the thickness of each film is not linrvted to the present 
entxxiiment arxi may be appropriately determined by a 
person who carries out the invention. A configuFation 
may also be enptoyed in whk:h a multipficity of layers 

10 are formed by replacing reactive gasses in the same 
chamber. Active hydrogen or a tiydride is preferat)ly 
used on the surface on which the film is to k>e formed 
t>efbre the initial senuoonduclor film is formed to reduce 
contaminant 

IS [0084] Thereafter, the ir^al senvcorvJuctor film is irra- 
diated with infrared fight or ultraviolet light to be crystal- 
fized (hereiriafter referred to as "laser crystallization"). 
In the present emlxxtiment excimer laser Ikc/tit is 
shaped into linear t>eams to t>e used for irradiation. 
20 Referring to irradiating conditkMis. the pulse frequency 
is 150 Hz; the overlap ratio is in the range from 80 to 98 
% (96 % in the present emtxxiiment); and the laser 
energy density is in the range from 100 to 500 mJ/cm? 
arvJ, preferat)ly, in the range from 150 to 200 mJ/arP 
25 (175 mJ/cmi^ in the present emtxxJiment). Referring to 
conditions for laser crystallization (laser fight wave- 
length, overlap ratio, irradiation intensity, pulse width, 
repetitive frequency, irradiation time and ttie like) m^ 
be appropriately detemruned by the person wtx) carries 
30 out the invention in consideration to the thk:kness of the 
insulating film, the ttvckness of the initial senrvconductor 
f 3m. the std>strate terrperature and the like. 
[0085] This step crystalfizes the initial semicorKfuclor 
fflm to be tFEUisformed into a crystalfine semiconductor 
35 film (a semkxxiductor film irxiuding crystals). In the 
context of the present embocfiment. a crystalline seoB- 
oorxiuctor film is a polycrystalline silkxxi film. At this 
step, no contanunant enters ttie initial senrvconductor 
fim from the atmosph^e t>ecause the laser fight is pro- 
40 jected through the insulating fdm. That is, the initial senn- 
iconductor fflm can k>e crystallized with ttie interface of 
the irvtial serruconductor film kept dean. 
[0086] Thus, sut^stantially the same state as tfiat 
shown in Rg. 3C is achieved. Sutisequent steps (m Fig. 
45 3D and later drawings) corrplete a serrvcorxJuctor 
devk;e as stx>wn in F^. 1 acccxxfing to the first embodi- 
inerit The preserrt eriixxfirrierit can l>e easily combiried 
with the fffst or third embodiment in flexitjie modes of 
oomtxnation. 

so [0087] Afifthemtxxijmeritoftheiriveriticxiw3lnowt>e 
descr&>ed. The present embodiment refers to an exam- 
ple of the manufacture of a TFT having a structure cfif- 
ferent from tfiat in the first embodiment with reference to 
Fig. 5. Plan views of Rg. 5 wiD correspond to Rgs. 2A 

55 and 2B. 

[0088] According to the present errtxxfiment. a nulti- 
layer structure is provided in wtvch an upper layer is 
constituted tiy a plastic substrate as a sul>strate 500, sfl- 
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ioon nitride oxide (expressed by SiOxNy) as an underly- 
ing film 501 and a film made of a material mainly 
composed of copper (Cu) as a gate bne and in wtiich a 
lower layer is constituted by a film made of a material 
mainly composed of tantalum. 

[0089] Next, a film made of an organic material. e.g., 
BOB (benzocydobutene) for flattening irregularities 
betiween re^ons having gate lines and regions having 
no gate line is formed to a thickness In the range from 
lOOnmtol pm(prefeiat)ly in the range from 500 to 800 
nm) as a first insulating film 503. This step must provide 
a f am thickness sufficient to flatten any step attritxftat)le 
to gate lines completely. Since a BCB film has a signifi> 
cant flattening effect, it can provide a sufTident flatness 
with a not so large thickness. 

[0090] After the first insulating film 503 is formed, a 
second instdating f flm (silicon nitride oxide film) 504, an 
iratial semiconductor film (nicrocrystailine silicon film) 
and an insulating film (silicon nitride oxide f Dm) to serve 
as a protective film 509 are sequentially formed into 1^- 
ers wHtKHit exposing them to the atnx^sphere. The 
rracrocrystalline silicon f 9m is formed at a temperature in 
the range from 80 to 300% and preferat)ly in the range 
from 140 to 200% and with silane gas diluted by hydro- 
gen (SiKi: H2 = 1:10 to 100) as the reactive gas. a gas 
pressure in the range from 0.1 to 10 Torr and discharge 
pcw^ in the range from 10 to 300 mW/cm^. Since the 
hydrogen density in the microcrystalline silicon film is 
low, the use of tfie same as the initial senvconductor film 
makes it po6sS)le to d eiete a thermal process to reduce 
the hydrogen density. In the present embodiment sepa- 
rate chambers exclusively used for tfie second insulat- 
ing film, initial semiconductor film and protective film are 
prepared, and the fDms are continuously formed wtiOe 
tfie substrate is moved tfirough the cfiambers without 
t>eing exposed to the atmosphere. The insulating film 
and senuconductor film tfuis formed continuously are 
flat t>ecause they are formed on the flat surface. 
[0091] Then, excimer laser light is projected upon the 
protective film to modify the semicorxluctor film into a 
semicorKiuctor film including crystals (polycrystalline 
silicon film). Conditions for tivs laser crystallization may 
be the same as those in the fourth embodiment At this 
time, since the semiconductor film is flat a polycrystal- 
line sificon fdm leaving a uniform grain size can t>e 
obtained. Intense light e.g., RTA or RIP may be used 
for inadiation instead of laser figfit 
[0092] Since a BCB fOm which can be easfly flattened 
is used as the first insulating film 503. a senrdconductor 
film having a flat surface can be provided. This makes it 
possit)le to maffitain uniform crystalfinity tlirougliout the 
semiconductor film. 

[0093] Subsequent steps complete a semicorvfuctor 
device as shown in. for exam^^e. Fig. 5 accorcBng to the 
first embodiment altfKXigh there is a sligtit difference in 
tfie design of ttie second mask. 

[0094] Referring to Fig. 5, aD TFTs (thin fflm transis- 
tors) are formed on an underlying layer 501 provided on 
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a substrate 500. For a p<:fiannel type Tf=T of a CMOS 
circuit, gate lines 502a and 502b are formed on the 
underlying layer, and a first insulating fflm 503 and a 
second insulating fflm 504 made of BCB are provided 

5 thereon. A p-type region 508 (source or drain region) 
and a channel formation region 505 as active layers are 
formed on the second insulating film. The active layers 
are protected by a protective film 509 having the same 
configuration. A contact fide is formed through a first 

10 layer insulating film 51 0 covering the protective film 509 
to connect lines 511 and 512 to the p-type region 508. A 
second layer insulating film 516 Is further formed ther- 
eon; an extraction line 51 7 is connected to the line 51 1 ; 
and a third layer insulating f Sm 520 is formed to cover 

15 thesame. A first mask having light blocking properties is 
formed at least on the protective film over the cfiannel 
formatkxi region to protect the diarmel formation regkm 
from deterioration attrftxjtable to light. 
[0095] Referring to the n-cfiannel type TFT. an n'^4ype 

2o regk>n 507 (source or drain region)^ channel fomnatkm 
region 505 and an n*-type region 506 between the n*- 
type region and cfiannel formation region are formed as 
active layers. The n*-type region 507 is formed with 
lines 512 and 513, and an extractkMi line 518 is con- 

25 nected to tfie fine 513. Regions other tlian the active lay- 
ers have sid>5tantially the same structure as tfiat of the 
p-cfiann^ TFT. A first mask having ligfit tslocking prop- 
erties is formed at least on tfie protective film over the 
cfiannel formatkm re^on 505 and a second mask is 

3o formed on the protective film over tfie n~-type region 506 
to protect the cfiannel formation region and n'-type 
region from deterioration attributable to ligfit 
10096] Referring to n-cfiannel type TFTs fonmed in the 
pixel matrix circuit, lines 514 and 515 are connected to 

35 n^-type regions 507. and a second layer insulating film 
516 and a t^lack mask 519 are formed thereon. The 
black mask covers the pixel TFTs and forms an auxiliary 
capacity in cooperation with the line 515. Further, a tfurd 
layer insulating film 520 is formed therein, and a pixel 

4o electrode 521 constituted l>y a transparent corvJuctive 
fflm such as ITO is connected thereto. 
[0097] The pixel matrix circuit of the present endxxfi- 
ment lias a TFT structure In whk:h a line capacity gen- 
erated t>etween the gate fine 502 and tfie lines 514 and 

45 515 is reduced t>y the first and second masks. Accord- 
ing to the enrtfxxllment a capacity between fines is 
reduced not only *tn the pixel matrix ctrctflt fcxjt aiso in 
other regk>ns by the masks are provided ov^ the gate 
fine t>ecai^ the resist masks arefiormed tfirough expo- 
se sure to fight at the rear surface. 

[0098] TFTs maiuifactured according to the present 
errtxxliment exfulsit electrical characteristics with less 
variation. The present embodim^ can be combined 
with the fir^. second, tfiird or fourth embocfiment 

55 [0099] A sixth emtxxfiment of tfie pres^ onvention 
. win now be descrit>ed. In the present ^rtofiment a 
descr^jtion wOl k>e made with refa^ence to Fig. 6 on an 
example of the manufacture of a TFT fiaving a structure 
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different from that In the first embodiment The configu- 
ration of the CMOS circuit will t>e described only in 
areas of difference because it is sut)6tantiany the same 
as tfKrt in the first embodiment Planviewsof Fig. 6 cor- 
respond to Figs. 2A arxJ 2B. 5 
[0100] The present embodiment is the same as the 
first errtbddiment up to the formation of a glass sii>- 
strate as a sut)strate. a silicon nitride oxide f ilm (SiOxMy) 
as an underlying film and a gate tine. 
[0101] According to the present emtxxJiment a first io 
insulating fOm 601 is then selectively formed in the pixel 
matrix drcuat, 

[0102] Thereafter, a secorxJ insulating fflm (which cor- 
responds to the gate insulating film in the first emtxxfi- 
ment) and an initial semiconductor f 3m are sequentially is 
formed into a rTultij3licity of layers without exposmg 
them to the atmosphere just as in the first embodiment 
In the present embodiment a silicon nitride oxide film 
having a thickness in the range from 10 to 100 rvn as a 
second insulating film 602 and an amorphous silicon 20 
film having a ttudoiess of 50 nm as an initial senvcon- 
ductor film are formed into a rrndtiplicity of layers using 
plasma CVD in the same chamber with a high de^ee of 
vacuum maintained therein. Obviously, the thickness of 
each of the fims is not fimited to ttie present entxxJi- 2s 
ment and may be appropriately deterrraned by a person 
wtio carries out the invention. Accorcfing to the present 
embodiment, the gate insulating fims (first insulating 
fibn 601 and second insulating film 602) of the pixel 
matrix dmxt are formed to provide a total thickness in 30 
the range from 100 to 300 nm. 

[01 03] Description will t^ omitted for the CMOS circuit 
in Rg. 6 t)ecause it has sid:>stantia!ty the same configu- 
ration as tfiat in the first emtxxfiment The n-charmel 
type TFTs formed m the pixel matrix circuit have sub- ss 
stantially the same as those in Fig. 1 according to the 
first embodiment except that the gate insulating film has 
a two-layer structure ^irst insulating film 601 and sec- 
ond insulating film 602). By selectively increasing the 
tNckness of the gate insulating fims as descrft>ed 40 
atxTve, reliabBity of circuits which must have a high wittv 
starid voltage (pixel matrix drcuit. txjfler drcuit arxi ttie 
like) is improved. 

[0104] The pixel matrix drcuit of the present errtKXfi- 
ment has a TFT structure in which a tine capacity gen- 45 
erated t>etween tfie gate line arxi other lines is reduced 
by a first and second masks just as in the first embodi- 
ment According to the embodiment a capacity 
t>etween fines is reduced not only in the pxel matrix dr- 
cuit txjt also in other regions by the masks are provided 50 
over the gate line t>ecause the resist masks are formed 
ttvough exposure to fight at the rear surface. 
[0105] TFTs manufactured accordirtg to the present 
embodiment extift»t decbical ctiaracteristics with less 
variation. The present embodiment can be oontMned ss 
with any of the first through fifth errtxxJtments. 
[0106] A seventh emtxxliment of tfie present invention 
will new t>e descrfloed. In the present embodiment, a 
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description will be made with reference to Figs. 7A. 7B 
and 7C on an example of the manufacture of a pixel 
matrix drcuit portion having a structure different from 
that in the first enixxJiment While the gate fines of the 
pixel TFTs in the pixel matrix drcuit portion of the frst 
emtxxiiment have a doutsle gate structure, the present 
embedment refers to an example wherein a triple gate 
structure is &vf>)oyed to reduce variation of the off-cur- 
rent 

[0107] Fig. 7C is a plan view showing an example of 
the triple gate structure. Rg. 7A shows an example of 
the section taken ak>ng the dotted line A-A' in Fig. 7G. 
[0108] In Fig. 7A. 701 represents an n~-type region 
(LDD region); 702 represents gate Tmes; 703 represents 
an n*-type region; 704 and 705 represent lines; 706 
represents a black mask; 707 represents a pixel elec- 
trode; 708 arxJ 709 represent layer insulating films; and 
710 represents a secorxi mask. This configuration is 
characterized in that the tDD region (with a width in the 
direction of the channel length in the range from 0.5 to 3 
nm, typically in ttie range from 1 to 2 pm) is provided 
orAy in a region where it is required. Accorcfing to the 
pnor art. especially the self-alignment metfiod. unnec- 
essary LDD regions have been formed between adjdn- 
ing channel formation regk>ns. 

[0109] The present embodiment may be formed as an 
application of the first embodiment The sectional struc- 
ture shown in Fig. 7A espedally the n*-type re^on (LDD 
region) arxl n^4ype region can be ea^ formed by 
modifying the pattern of the second mask of the first 
emtxxfiment 

[0110] Further, the use of a pattern of the secorxJ 
mask different from that in Fig. 7A makes it possible to 
obtain a different with of the LDD re^on as shown in 
Fig. 7B wrtfKXit any increase in the number of steps. Fig. 
7B is sut3Stantially the same as Fig. 7A except that a 
first n'-type region 722 having a greater width in the 
direction of the chamel length of the tOD region and a 
second n'^type region 721 having a smaller width in the 
direction of the channel length of tfie LDD region are 
selectively fonned. The width of the first n~-type region 
722 in the direction of tfie channel length is in the range 
from 0.5 to 3 psn and typically in the range from 1 to 2 
^m. and the vtodth of tfie second n'-type region 721 in 
the direction of the diannel length is in the range from 
0.3 to 2 |im and typically in the range from 0.3 to 0.7 pm. 
The width of each of the ri'-type regions in the direction 
of tfie cfiarmel length can be freely adjusted by the 
desi^ of the mask. Therelc^e. tfie widtfis of the nMype 
regions in the direction of the cfiarviel length may be 
appropriately detemrnned by a person wfio carries out 
the inv^ition depending on requirements associated 
with the circuit configuration. 

[Oil 1] TFTs manufactured accorcfing to tfie present, 
entxxfiment exfvhit electrical characteristics with less 
variation. The present emtxxliment can t>e cmnbined 
with any of the first tfircnjgh sixth embocfimerits. 
[0112] An eigfittiembodim&it of the present invention 
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win now be descrS^ In the present embodiment, a 
description will be made with reference to Figs. 8A, 8B 
and 8C on an exanrple of the drcuit configuration of the 
CMOS circuit (inverter dront) shown in the first embod- 
iment. Terminal portions a. b, c and d in the inverter dr- 
cuit diagram and the plan view of the inverter drcuit in 
Fig. 8A correspond to each other. 
[0113] The sectional structure along the fine A-A* of 
the inverter drcuit in Fig. 8A is the same as that shown 
in Fig. 1. Therefore, the structure shown in Rg. 8A can 
be provided according to the first emtxxfiment This dr- 
cuit is formed by gate fines 801. a source electrode 802 
of a p-charmet type TFT, a source electrode 803 of an n- 
channel type TFT and a oomnrxMi drain electrode 804. 
[0114] Fig. 8B shows a sectional structure of the 
inverter circuit (fifferent from the sectiorial structure 
along the fine A-A* in Fig. 8A. To provide the structure 
shown in Fig. 8B. the pattern of a secorxJ mask 810 as 
in the first embodiment is modified to form a second 
mask 820 also in the pK:hannei type TFT theretjy form- 
ing a p -type region 822 doped with boron at a low d^- 
sity and an n'-type region 821. A mask for achieving a 
low txHon density is reqidred to provide the structure 
shown in Fig. 88. 

[0115] Rg. 8C shows a sectkxial structure of the 
inverter drcuit cfifferent from the sectional structure 
along the fine A-A* in Fig. 8A. To provide the structure 
showvn in Fig. 8C, thepattem of the second mask810 as 
in the first embodiment is modified to form a secorKt 
mask 840, thereby fomvng n -type regions 841 on Ixrth 
skJes of the channel formation region. The width of each 
of the n*-type regions in the direction of ttie channel 
length can be freely adjusted through designing of the 
mask Therefore, tfie width of the n -type regions m the 
direction of the charmet length may t>e appropriately 
deternvned by a person who carries out the inventkm 
according to requirements assodated with the drcuit 
conTiguratkNi. Gate fines 831 are patterned after form- 
ing a tantalum film arxJ thereafter forming an aiKxfic film 
on the sitfface therectf to reduce the number of masks. 
[0116] The structures shown in Figs. 8A and 8B can 
l>e simultaneously fatncated on the same sut>strate 
without increasing the^numt>er of steps. The present 
invention makes it possftile to form nMype regions or p* 
-type regk>ns having various wkfths (in tfie directkMi of 
tfie charmel length) on the same sid^strate. For exam- 
ple, it is possilsle to sinuiHaneously fat>ricate a TTHT hav- 
ing an n*-type regkxis on kxJth sides of the cfiarmd 
formation regkm, a TFT having an n'type regkxi on one 
side of the ctiannel formation regkm. a TFT having n'- 
type regions with dWerent wkltfis in the direction of the 
ctiannel loigth cm both skJes of the channel formaton 
reg^oa a TFT having no n'type regk)n on txjth skies of 
tfie channel formatkm regkm and the Gke on the same 
sut>strate wHfiout increasing tfie numt>er of steps. 
[0117] The preserrt emkxxfiment may be combined 
vifith any one of the first through sixth enrtxxfiments. 
[0118] A ninth embodiment of the present inventkm 



will now be descrS>ed. In the present embodiment a 
descriptkm will be made with reference to Fig. 9 on an 
example of a configuFatk>n of a txiff^ drcuit utifizing 
txjttorr^gate type TFTs shown in the frst through sixth 

5 emtxxiiments. The CMOS drctit is formed as a comple- 
mentary combination of an n-channel type TFT and a p- 
channel type TFT formed on the same sidjstrate. Termi- 
nal portions a. b. c arvJ d in the txjffer drcuit diagram 
and the sectional structure view of the kxjffer drcuit in 

io Fig. 9 correspond to each other. 

[0119] In the buffer droit as illustrated, an n~-type 
regk>n is pr^erably formed at least one skie (the side of 
an output fine terminal b) of the channel formatk>n 
region of the n-channel type TFT. To obtain the structure 

15 shown in Fig. 9. the pattern of the second mask 113 of 
the first emixxlimeat is modified to form a second mask 
910, thereby forming an n'-type region 901 on one side 
of the channel formation regkm. 
[0120] The preserrt embodiment can be combined 

20 with any one of the first tN^oug^ sixth embodinnents. 
[0121] A tenth errtxxfiment of the present inventkm 
will now be descntted. In ttie present emtxxJimertt. an 
exanple of a fiqukJ crystal display manufactured 
according to the inventk>n vmll t>e desat>ed with refer- 

25 ence to Rg. 10. Detailed descriptkxi will t>e omitted for 
the method of manufacturing the pixel TFTs (pxel 
smtching elements) and the step for cell assembly 
because they may t>e carried out using well-known 
means. 

30 [0122] In Rg. 10. 1000 represents a substrate tiaving 
an insulated surface (a glass substrate having a silioon 
oxkle film provkJed thereon); 1001 represents a r»xel 
matrix drcidt: 1002 represents a scan fine driving dr- 
cuit 1003 represents a signal fine driving circuit; 1030 

35 represents a counter sut>strate; 1010 represents an 
FPC piexiksle printed drcuiQ; and 1020 represents a 
fogic drcuit The logk: circuit 1020 may t>e formed as a 
drcuit such as a D-A converter, gamma oorrectkm dr- 
cuit or sigrial cfiviston drcuit having fuiKtioris wtiich t^ 

40 been conventionally si^jstituted tiy an IC. Olsviously. an 
IC d^ may be provided on the sutistrate to perform sig- 
nal processing on the IC cfi^. 

[0123] WhOe tfie present embodiment refers to a fiqujd 
crystal display as an example, the present invention 
45 niayobvfously be applied to any active nriatrix type cfis- 
play such as an EL (electro-lunnnescence) display or 
EC (electro-chrorrocs) cfisplay. 

[0124] The present tnventfon may t>e applied to the 
manufacture of any fiqind crystal cfisplay whetfier it is of 
so the transmission type or r^lectfon typa A peson wtio 
carries out the inventon may dioose either <^ them at 
his or h^ own dioice. Thus, the invention may be any 
active matrix type electrooptical device (senmonductor 
device). 

55 [0125] The configuration of any of the first through 
ninth errbocfim^its may be used to manufacture a sem- 
kxMnductor device as descra>ed in tfie present embocfi- 
ment arxJ any oomt)ination of those errbocfiments may 
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be used. 

[0126] An eleventh embodiment of the invention will 
noH be descrft>6d. The invention may t>e applied to con- 
ventional IC techniques in general. That is, the invention 
ma/ be applied to all semiconductor circuits cun^ently 
available on the market. For example, it may be applied 
to microprocessors such as RISC processors and ASIC 
processors integrated on one chip and may be applied 
to signal processing drcufts represented by driver cir- 
cuits for liquid crystal (D-A converters, ganrma correc- 
tion circuits, signal cfivteion circuits and the Rke) and to 
high frequency drafts for portatsle devices (potable tel- 
ephones. PHS and mobile computers). 
[0127] SerrvcorxJuctor circuts such as microproces- 
sors are loaded on various electronic equpments to 
function as a circuit. Typic al electronic e quyynent 
include per sonal computers, personal digital assistants 
and all otfier electronic eqiupment for fiome use. Com- 
puters for controlling vehicles (automotxies, trains and 
the like) are also irKiluded. The inventkxi may be applied 
to semsconductCM' devices for such purposes. 
[0128] The configuration of any of the first through 
ninth embocfiments may be used to manufacture a sem- 
iconductor device as descrik>ed in the present embodi- 
ment, and any corrt^ination off tfiose errdxxiiments may 
t>eused. 

[0129] A twelfth embocfiment of the invention will now 
t>e described. A CMOS circuit arxl a pixel matrix circuit 
formed according to the inventkKi may t>e used in vari- 
ous electro-optical devices (active matnx type liquid 
crystal displays, active matrix type EL cfispl^ and 
active matrix type EC displays). T?iat is. tfte invention 
may be appXied to any electronic equipment incorporat- 
ing such electro-optical devices as <fisplay media. 
[01 30] Such electronic eqiipm^its include video cam - 
eras, diqi tel came ras, (rear type or front type) projec- 
tors. hea djnount display s (goQgfe type displays), car 
navigation system s, persona l computers and personal 
digital assistants (mobile comi^ers. portafcrfe tele- 
phones. ^^^tUHsc kxx>ks and the like). Rgs. 11 A 
through 1 1F and Figs. 12A through 12D show examples 
of such devk:es. 

[0131] Fig. 11 A shows a personal computer which is 
formed by a main t>ody 2001. an image input portion 
2002. a cfisplay 2003 and a keytx)ard 2004. Tbe inven- 
tion may tie applied to the image ir^ portion 2002. (fe- 
piay 2003 and other signal control circuits. 
[0132] Rg. 11B shows a video camera which is 
formed by a main body 2101, a display 2102, an audio 
irput portion 2103. operation switches 2104, a battery 
2105 and an miage receiving portion 2106. The aiven- 
tion may t>e applied to the display 2102. audio input por- 
tion 2103 and other signal control circuits. 
[0133] Fig. lie shows a mobile computer which is 
formed by a main body 2201 . a camera portion 2202. an 
image receiving portion 2203. operation switches 2204 
arxJ a display 2205. The invention may be appfied to the 
display 2205 and other signal control circuits. 
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[0134] Fig. 11D shows a goggle type display wfuch is 
formed by a main Ixxiy 2301. a display 2302 and an arm 
portion 2303. The Invention may t>e appfied to the dis- 
play 2302 arvJ other signal control circuits. 

5 [0135] Fig. 1 1E shows a player utilizing a reconcfing 
medium on wfik:h a program is stored (hereinafter 
referred to as "recording medium) and which is formed 
tiyamainbody 2401, a display 2402, a speaker portion 
2403. a recording medium 2404 and operation switches 

10 2405. This devk:e utilizes a DVD (digital versatile disc). 
CD or the like as the recording medium and can be used 
for enjoying musk:, movies and intemet The invention 
may be applied to the cfisplay 2402 and other signal 
control circuits. 

IS 101361 Fig. 11F shows a digital camera which is 
formed by a main txxJy 2501, a display 2502. an eye- 
piece 2503. operation switches 2504 and an ims^e 
receiving portion (not shown). The invention m£^ be 
applied to the display 2502 and other signal control cir- 

20 cults. 

[0137] Fig. 12A shows a front type projector which is 
formed by a display 2601 and a screen 2602. The inven- 
tion may be applied to the display arxJ other signal con- 
trol drciits. 

25 [0138] Fig. 12B stiows a rear type projector whk;h 
formed by a main kxxJy 2701. a display 2702, a nran-or 
2703 arxl a screen 2704. The invention may k>e applied 
to tfie display and otiier sign^ control circuits. 
[0139] Fig. 12C shows an exarrple of a structure for 

30 tiie displays 2601 arxl 2702 in Rgs. 12A and 12B, 
respectiv^ in which displays 2601 and 2702 are 
formed by a light source optical system 2801. mirrors 
2802, 2805. 2806 and 2807, dichrcMC nrwrors 2803 and 
2804. optical lenses 2808, 2809 and 281 1 . fiqiid crystal 

35 displays 2810 and a projection optical system 2812. 
The projection optical system 2812 is constituted by an 
optical system including a projection lens. While an 
example of a tfiree-plate system utiBzing three liquid 
crystal displays 2810 ts descrt>ed in this embocfiment. 

4o the invention is not I'lmtted thereto and, for example, a 
single-plate system may t>e used. A person who carries 
out the invention may provide an appropriate optical 
system such as an optical lens, a film having a polariz- 
ing function, a film for justing a phase difference or an 

45 IR film in the fight path indicated by tfie arrow in Fig. 
12C. 

[0140] Fig. 12D shows an example of a structure of 
the Ggfit source optical system 2801 in Fig. 12C. In the 
present embodiment, the tight source optical system 

so 2801 is formed t>y tight sources 2813 and 2814, a com- 
posite prism 2815, coOimator lenses 2816 and 2820. 
I^is arrays 2817 and 2818 and a polarizing conversion 
element 2819. Whde two fight sources are used in the 
figtit source optical system shown in Fig. 120. three or 

55 tour or even more light sources may be used and. alter- 
natively, or^y one light source may be used. A person 
wfK> carries out the invention may provide an appropri- 
iate optical system such as an optical lens, a fibn having 
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a polarizing function, a film for acQusting a phase differ- 
ence or an IR fim in the light source o^Aical systent 
[0141] As desa1t>ed above, the present invention has 
a wide range of application and can be used for elec- 
tronic equipments in any field. The configuration of an s 
electronic eqiipment according to the present embodi- 
ment may be any combination of the first through sixth 
embodiments, and the embodiments may be used in 
any combination. Electro-optical devices and semicon- 
ductor drcuils according to the seventh throu^ elev- io 
enth emtxxiiments may also t>e freely combined. 
[0142] The present invention makes it possiisle to pro- 
vide TFTs having an LDD structure which has tugh 
reproducik)ility. improves the stsftMfity of TTTs and pro- 
vides high productivity. is 
[0143] The use of the invention allows a user to form 
a desired LDD region on both sides or one side of the 
charmei formation region of a TFT ty determining the 
design for the second mask appropriately in accordance 
with requirements associated with the drcuit configura- 
tfon. For example, it is possible to form a first n-channet 
type TFT fiaving a frst LDD region with a width in the 
directfon of the channel length in tfie range from 0.5 to 3 
^m and typically in the range from 1 to 2 irni and a sec- 
ond n-channel type TFT having a second U^D region 
with a wkith in the direction of the channel length in the 
range from 0.3 to 2 |im and typicsdiy in ttie range from 
0.3 to 0.7 |im. 

[0144] The masks used to form an UDD structure can 
l>e used as they are as iight-btocking films, tliereby pro- 
tecting the active layer especially the cfiannel formation 
re^on from deterioration associated with light to 
improve reliabSity. TFTs can t>e manufactured in a short 
period of time by deleting the mask removing step. 
[014^ The use of the present invention makes it pos- 
sible to form an LDD region with a rumber of masks 
(seven masks at the irvrvnum) as follows which is less 
tfian the nunt>er of masks reqiired according to the 
pnor art up to the formatfon of a source or dran elec- 
trode (eight masks at the minimum). 40 



Mask No. 1 for forming gate lines 

Mask Na2for forming islands 

Mask No. 3 for forming a second mask 

Mask isfo. 4 for forrimg a doping mask to provide p- 4S 3. 

type conductivity 

Mask Na 5 for forming contact holes for source and 
drain regions 

Mask Na 6 for forming a contact hole for a gate line 4. 
Mask Na 7 for forming source and drain electrodes so 



characteristics of a TFT. 

[0148] By fomung a gate Insulating film and a semi- 
conductor film into a mutt^idty of layers without expos- 
ing them to the atnrx>sphere. a quite dean interface can 
t>e provided between thenrt Especially, since such a 
configuration makes it possitsle to keep an interface 
t>etween an active layer arxi a gate insulating film wfiich 
determines the electrical cfwacteristics of TFTs dean, 
TFTs having less variatfon arxi preferaksle electrk:al 
characteristics can t>e provided. 
[01 49] The threshold voltage wtiich is a typcal param- 
eter of a TFT can t>e in the range from -0.5 to 2 V for an 
n-channel type TFT aixf can t>e in the range from 0.5 to 
-2 V for a p-channel type TFT. A sutHhreshdd coelfi- 
dent (S-value) in the range from 0.1 to 0.3 VAJecade 
can be achieved. 

Claims 
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20 1 . A serracorxjuctor device corrprising: 



a gate line formed on an insulating surface; 
a gate insulating film in contact with said gate 
line; 

a channel formation region formed over said 
gate line with said gate insulating fflm inter- 
posed therebetween; 

a low density impurity re^on in contact with 

said channel formation regfon; 

a high density irrpurity region in contact with 

said fow density impurity region; 

a protective film in contact with saki channel 

formation region; and 

organic resin doped with a trivalent or pentava- 
lent impurity in contad with said protective film. 
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A serrucorxiudor device aocoiding to daim 1 
wtierein said gate line lias a single-layer or multi- 
layer structure and is made of one kind of element 
seleded from among tantalum, copper, chronrvum, 
aluminum, molytxJenum, titanium and sSicon or a 
material primanly constituted by sifioon doped witti 
a p4ype or n-type impurity. 

A senrvcondudor device according to daim 1 
wtier&n said trivalent or pentavalmt irrpurity is 
pliosphorus or txmn respectively. 

A senvcondudor devfoe aooorcfing to daim 1 
wherein said organic resin has photos&isitivity 



[0146] Since tlie present inventfon can t>e carried out 
using a conventfonal production Ene for amorphous s9i- 
con TFTs as K is only by introducing several devices, 
there are industrial advantages. 
[0147] In ad(fition» since maslG serve as insulating 
f3ms at intersections t>etween gate rmesarxJ other fines, 
a Gne capacity can be reduced to improve tfie electrical 



5. A semicondudor device according to daim 1 
wherein ttie density of said trivalent or pentavaJent 
impurity in said organk: resin is 1 X lO''^ atoms/Scm? 

55 or more. 

6. A serrocondudor dcvfoe according to daim 1 
virtierein a catalytic dement for promoting ttie crys- 
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talfization of silicon Is included in said high density 
impurity region. 

7. A semiconductor device according to daim 6 
wherein said catalytic elem^it is at least one or a 
plurality of elements selected from among Ni, Fe, 
Co, Pt Cu and Au. 

8. A semiconductor device according to daim 6 
wherein said catalytic element is Ge or Pb. 

9. A semiconductor device according to daim 1 
wherein semiconductor device indudes a senrncon- 
ductor drcuit comprising a microprocessor, signal 
processing drcuit or high frequency drcuit 

10. A semiconductor device according to daim 1 
wherein said semtoondudor device is an electro- 
optical device or electronic equipment 

11. A semioonductor device aooorcfing to daim 10 
wherein said electro-optical de/ice is a liquid crystal 
display, EL display. EC display or image sensor. 

12. A semioonductor device according to daim 10 
wherein said elecfronic equq^ment is a video cam- 
era, digital camera, projector, goggle type display, 
car navigation system, personal computer or per- 
sonal digital assistant. 

13- A semioonductor device comprising: 

a gate line formed on an insulating surface; 
a gate insulating film in contact with said gate 
fine; 

a channel formation region formed on said gate 
fine with said gale insulating fdm interposed 
tfierebetweeh; 

a low density impurity region formed on one 
side of said charms formation region; 
a drain region constituted by a first tvgh density 
impurity region in contact with said low density 
impurity region; 

a source region constituted by a second high 
density impurity region formed on the other 
side of said diannel formation region; 
a protective fSm in contact with said channel 
formation region; and 

organic resin doped with a trivalerrt or perrtava- 
lent impurity in contact with said protective f ibn. 

14. A serrttoofKhidor device according to daim 13 
wherein said gate tine has a single-l£yer or multi- 
layer structure and is made of one kind of element 
selected from among tantalum, copper, chromium, 
alumirum. nrxitytxfenum, titanium aixl sificon or a 
material primarily constituted by sflicon doped with 
a p^type or n-type impurity. 
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15. A semiconductor device according to daim 13 
wherein said trivatent or pentavalent inrpurity is 
phosphorus or boron respectively. 

16. A semicorvJuctor device according to daim 13 
wherein said orgarvc resin has photosensitivity 

17. A semiconductor d^ce according to daim 13 
wherein the density of said trivalent or pentavalent 
impurity in said organic resin is 1 x 10^^ atoms/cm^ 
or more. 

18. A semiconductor device according to daim 13 
wherein a catalytic element for prorvKStir^ the crys- 
tallization of sificon is induded m said density 
impurity region. 
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19- 



20. 



21. 



A semiconductor device according to daim 18 
wherein said catalytic element is at least one or a 
plurafity of elements selected from among tfi. Fe. 
Col Pt Cu and Au. 



A semicorviuctor device according to daim 
wherein said catalytic element isGeor Ptx 
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22. 



A semicorviuctor device according to daim 13 
wherein semtcorxf uctor device indudes a serrocon- 
c&ictor drcuit comprising a irvcroprocessor, signal 
processing corctAt or high frequency circuit. 

A semicorviuctor device according to daim 13 
wherein said semiconductor device is an electro- 
optical device or electronic ec^i^ment 



40 



23. A semicorviuctor device according to daim 22 
wherein said electro-optical device is a fiquid crystal 
display. EL cfisplay, EC display or image sensor. 

24. A semicorviuctor device according to damn 22 
wherein said electronic ec^ipment is a video cam- 
era, distal camera, projector, goggle type display, 
car navigation system, personal computer or per- 
sonal cfigrtal assistant 



45 25. A senvconductor device oompristng: 

a gate fine formed on an insulating surface; 
a gate insulating film in contact with said gate 
line; 

so a channel formation region formed over said 

gate line with said gate insula&ig fim inter- 
posed theret>etween; 

a first low d&isrty irr^xirity region and a secorxJ 
low density impiHity region in contact with said 
55 channel formation re^on; 

a high density impurity region on contact vtrith 
said first low density impurity region arvi said 
second low density impmty region; 
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a protective fflm in cxmtact with said channel 
lonnation region; and 

organic resin doped with a trivalent or pentava- 
lent impurity in contact with said protective film, 
wherein the width of said first low density impu- 
rity region in the cfirection of the channel length 
is different from the width of said second low 
density impurity re^n in the direction of the 
channel length. 

26. A semiconductor device accorcfing to claim 25 
wherein said gate line ftas a single-layer or multi- 
layer structure and is made of one kind of element 
selected from among tantalum, copper, chromium, 
aluminum, molylxJenum. titanium and silicon or a 
material primarily constituted Isy silicon doped with 
a p-type or n-type impurity. 

27. A senrnconductor device accorcfing to claim 25 
wherein said trivalent or pentavalent impurity is 
phosphorus or boron respectively. 

28. A semiconductor device accorcfing to claim 25 
wherein said organic resin has photosensitivity 

29. A semiconductor device accorcfing to daim 25 
wh^ein the density of said trivalent or pentavalent 
impurity in said organic resin is 1 X 10^^ atoms/cm^ 
or more. 

30. A semiconductor device according to daim 25 
wher^n a catalytic element for prorrx>ting the crys- 
tallization of silicon is irKiuded in said high density 
impurity region. 

31. A senvconductor device accorcfing to <:iaim 30 
wherein said catalytic element is at least one or a 
plurality of elements selected from among 1^. Fe. 
Co. Pt, Cu and Au. 

32. A semi(x>rKiuc;tor device accorcfing to daim 30 
wherein said catalytic element is Ge or Pb. 

33. A serrDOonductor device acscorcfing to daim 25 
wher^n semiconductor device indiides a senvcxMv 
ductor drcxiit cxmprising a microprcx:essor, signal 
prcx^essing drcuit or high frec)uenc7y c^cxbL 



era, digital camera. pro|edor. goggle type display, 
car navigation system, personal computer or per- 
sonal cfigitEd assistant 

5 37. A metfuxJ for manufacturing a senrwmidudor . 
cJevice comprising the steps of: 

sequentially fonrong a gate insulating film arxl 
an initial semicxxxiuctor f im on an insulating 
10 surfac:e having gate lines formed tfiereon such 

that they are stacked without k>eing exposed to 
the atmosphere; 

crystallizing said irvtial senvconduclor film by 
irracfiating it with infrared light or ultraviolet fight 

15 to form a crystalline semicxxxluctor fOm and an 

oxide film strruiltaneously; and 
coverirtg a region to t>ecome a <:hannel forma- 
tion region of said crystalline sefTv<x>nduc:tor 
film with a mask and doping a region to 

20 become a sourc^e region or drain re^on of said 

crystalline semkxmiucrtor film with a trivalent or 
pentavalent impurity element throu^ said 
oxide film. 

25 38. A method a(XX)rding to claim 37 further comprising 
the step of retaining a catalytic element for promot- 
ing the crystallization df silicon in cx>ntac:t with the 
surface of said initial senrtt<x>nductor film or within 
said film after said step of fornvrig the gate insulat- 

30 ing film and the irvtiai semiconductor f 9m. 

39. A methcxl accx>rdtng to daim 37 wherein contami- 
nants on the surface of on wfidh said initial semi- 
oondudor film is to k>e formed are recJuced using 
35 ac;tive hydrogen or a hydrida 

4a A method according to c:laim 37 further comprising 
the step of forming a multi-layer f im including a sifi- 
con nitride fflm as any of the layers as said gate 
40 insulating film. 

41. A methcx) accx>rding to c;laim 37 further cx>rrprising 
the step of fonreng a rrulti-layer fim inducfing t>en- 
zcxrydobutene as a part of said gate insulating film . 
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42. A methcxJ for manufac:turing a semi(»rvJudor 
cfevic^ cx)rpprising the steps of: 



34. A serrwx^rxhKtor devic:e acxxircfing to daim 25 
wher«n said semiccviduc:tor devic^e is an electro- so 
optical device or electronic equipment 

35. A semicofKfudor devic^e accorcfing to c:laim 34 
wherein said elec:tro-optical devic;e is a liquad crystal 
cfeplay, EL disfday. EC cfispl^ or image sensor. S5 

36. A senrwx)nductor devic:e according to damn 34 
wherein said dectronic ec^upment is a video cam- 



sec|uentially forrrung a gate insulating fflm, an 
initial semkxxnducrtor fibn and an insulating firn 
on an insulating surface having gate lines 
formed thereon such that they are stacked 
withcHit t>eing exposed to the atmosph^e; 
CTystalfizing said niitial semicx3nduc:lor film t>y 
irradiating it with infrared fight or ultraviolet 1^ 
through said ireulatingfilm to form a CTystalfine 
semiconductor film: arvl 
coving a region to t>eocmie a channel forma- 
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Hon region of said crystalline semiconductor 
film with a mask and doping a region to 
become a source region or cfrain region of said 
crystalline senvoonductor film with a trivalent or 
pentavaient impurity element through said s 
oxide film. 

43. A method for manufacturing a semicorvluctor 
device according to claim 42 wherein said gate 
insulating film, said initiai sermxmc^or film and io 
said protective fOm are formed using different 
chambers. 

44. A method for manufacturing a semiconductor 
device according to daim 42 wherein said gate is 
insulating film, said irntial serrvconductor film and 
said protective film are formed using tlie same 
chamber. 

45. A method for manufacturing a semiconductor 
device according to daim 42 wherein said gate 
insulating fim arxJ said protective film are formed 
using a fffst chamt>er and wherein said initial semi- 
conductor film is formed using a seoocxi chamber. 

46. A method according to daim 42 further compristng 
the step of retaining a catalytic element for promot- 
ing ttie crystallization of siHcon in contact with the 
surface of said initial senvconductor film or within 
said film after said step of forming ttie gate insulat- 
ing film and the initial semiconductor fflm. 

47. A method according to daim 42 wherein contami- 
nants on the surface of on wfiich said initial semi- 
conductor film is to be formed are reduced using 3S 
active hydrogen or a hydride, 

48. A metfiod according to daim 42 forther comprising 
the step of forming a multi-layer film induding a sHi- 
con nitride f9m as any of the layers as said gate 4o 
insulating film. 

49. A method according to daim 42 further corr^ising 
the step of forming a multi-layer fflm induding t>en- 
zocydobutene as a part of said gate insulating film 4s 
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